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Regional Coronary Venous Flow Responses to Transient Coronary
Artery Occlusion in Human Beings
ROBERT L. FELDMAN, MD, FACe, c. RICHARD CONTI, MD, FACC,
CARL J. PEPINE, MD, FACC
Gainesville. Florida
Coronary hemodynamic responses to transient coronary
artery occlusion in 21 patients were investigated by using
regional coronary venous thermodilution to measure re-
gional coronary venous flows. Transient coronary artery
occlusion was produced by coronary artery spasm (13
patients) or balloon inflation during coronary angio-
plasty (8 patients). The left anterior descending coronary
artery was transiently occluded in 12 patients, the right
coronary artery in 8 patients and the left circumflex
artery in 1 patient. During transient coronary occlusion,
regional venous flow decreased in 20 of the 21 patients
(79 ± 31 to 53 ± 29 ml/min, mean ± standard deviation
[SD]; probability [p] < 0.05) corresponding to the left
ventricular region perfused by the occluded artery. Re-
gional coronary resistance increased in all 21 of these
regions (1.42 ± 0.75 to 2.26 ± 1.45 mm Hg/ml per min,
p < 0.05). Simultaneously measured blood flow and re-
sistance in the left ventricular region supplied by the
In human beings, coronary blood flow is often measured to
better understand cardiac effects of different diseases, drugs
and physiologic perturbations, such as exercise and pacing
stress. Because coronary blood flow only indirectly reflects
myocardial metabolism, this measurement is often coupled
with those that directly reflect metabolism, such as trans-
cardiac concentrations of oxygen and lactate.
Several techniques have been developed to measure coro-
nary blood flow. Of these, coronary venous thermodilution
and inert gas isotope techniques have been most widely used
in human subjects (1-3). Coronary venous thermodilution
is relatively easy and can be accomplished with only right
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nonoccluded arteries did not change significantly (62 ±
27 to 64 ± 29 ml/min and 1.85 ± 0.93 to 1.81 ± 0.98
mm Hg/ml per min, respectively).
Coronary hemodynamic changes were similar during
transient coronary occlusion, whether produced by coro-
nary spasm or by balloon inflation. However, the pres-
ence of angina, reversible electrocardiographic abnor-
malities and an increase of the left ventricular filling
pressure were more common during coronary spasm (p
< 0.05 for all). Regionalcoronary hemodynamicchanges
during transient occlusion of the anterior descending,
circumflex or right coronary artery were similar. These
data show that coronary occlusiondecreases regional left
ventricular flow in the region perfused by the affected
artery. The method of coronary occlusion or the coro-
nary artery affected during occlusion did not seem to
elicit different responses.
heart catheterization. It allows continuous measurement of
flow and accurately reflects transient flow changes (1,2).
In patients with normal coronary arteries and either nor-
mal or diffusely abnormal left ventricular wall motion, mea-
surements of coronary sinus flow alone should accurately
reflect responses of all left ventricular regions. However,
when regional differences in coronary flow and metabolism
occur, coronary sinus sampling is likely to be inadequate.
Animal studies indicate that when a coronary artery is oc-
cluded, blood flow to the left ventricular region lying in the
distribution of that artery does not totally cease. Instead,
flow continues at a significantly reduced rate. This rate
seems highly variable, depending on several factors, in-
cluding the animal model, the state of the remaining coro-
nary circulation and a number of hemodynamic variables.
This residual flow response to coronary occlusion is a major
determinant of both survival of the left ventricular region
served by the occluded artery and of other ischemic con-
sequences of coronary artery occlusion. Interventions that
improve flow to this region may be beneficial. This residual
flow cannot be estimated from measurements of total coro-
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nary blood flow on the basis of coronary sinus sampling.
Because of the lack of suitable methods for measuring re-
gional coronary flow and transiently occluding a coronary
artery, this residual flow response and changes in residual
flow during interventions have not been thoroughly inves-
tigated in human beings.
The purpose of this investigation was to examine regional
coronary hemodynamic responses to transient coronary ar-
tery occlusion in human subjects. Two types of occlusion
were used-intraluminal balloon inflation and coronary ar-
tery spasm. Regional coronary venous thermodilution was
used to measure coronary sinus and great cardiac vein flow
simultaneously (4-7). In the simplified model that we em-
ployed, the left anterior descending coronary artery and its
diagonal and septal branches provide the major perfusion
of the anterior left ventricular wall and drain through the
great cardiac vein. The left ventricular branches of the cir-
cumflex and right coronary arteries provide the major per-
fusion of the posterior or inferior left ventricular wall and
drain through the middle and posterior cardiac veins. The
coronary sinus flow, therefore, represents the major com-
ponent of total left ventricular flow, and great cardiac vein
flow represents an estimate of anterior region flow. The
difference between coronary sinus and great cardiac vein
flow provides an estimate of inferior left ventricular region
flow.
Methods
Patient population. Twenty-one men with an average
age of 54 years (range 39 to 65) were studied (after giving
informed consent) with the approval of the Institutional Re-
view Board. Sixteen of these patients had atherosclerotic
type of coronary artery diameter reductions of 50% or greater
in at least one coronary artery. Patients participating in this
study came from two groups: 1) those undergoing percu-
taneous transluminal coronary angioplasty and 2) those with
single vessel coronary artery spasm. The data from some
of the patients with coronary spasm were reported previously
(4,5). Patientswith other forms of heartdiseasewereexcluded.
Catheterization procedure. In all patients, nitrates were
withheld for at least 8 hours before study. Cardiac cathe-
terization was performed with patients in a postabsorptive
state without premedication.
The regional venous flow recordings were performed in
the same manner for both patient groups. A multithermistor
catheter was advanced from a right or left antecubital vein,
positioning it in the coronary sinus. The distal external
thermistor was advanced to the great cardiac vein. The prox-
imal external thermistor was positioned in the sinus between
the ostium and the termination of the middle cardiac vein.
The venous phase of left and right coronary arterial angio-
grams and a coronary venous angiogram were recorded on
a video disk recorder. These images were used to aid in
positioning the coronary venous catheter in the sinus. Lo-
cation of the catheter was frequently checked by referring
to these recordings. Our use of this specially designed cath-
eter to continuously measure regional left ventricular blood
flow has been previously described in greater detail (2,
4-7).
Arterial catheterization techniques differed in the two
patient populations. In the patients with coronary spasm,
an 8F Sones catheter was positioned from the right brachial
artery into the aorta. The Sones catheter was advanced to
the left ventricle to record left ventricular end-diastolic pres-
sure. In patients undergoing coronary angioplasty, an 8 or
9F guiding catheter was positioned from the right femoral
artery into the aorta. In these patients, a USCI Gruntzig
balloon dilation catheter was positioned in the distal coro-
nary artery through the guiding catheter to measure distal
coronary artery pressure and during balloon inflation to oc-
clude the coronary artery. In patients undergoing coronary
angioplasty, left ventricular filling pressure was estimated
from the pulmonary artery diastolic pressure, which was
measured with a no. 7 Cournand or a Zucker catheter. All
pressures were measured with Statham P23db transducers.
Mean pressures were obtained by electronic filtration. In all
patients, the arterial catheter was used for coronary
angiography.
Selected electrocardiographic leads, chosen because ST
segment shifts had been noted during spontaneous or ex-
ercise-induced angina, were recorded and continuously
monitored. During measurement periods, all other standard
limb leads and V5 were also recorded.
Control periodandcoronary arteryocclusion periods.
After catheters were in place, a set of coronary angiograms
was filmed. Patients undergoing coronary angioplasty re-
ceived buccal nifedipine (10 mg) and intracoronary nitro-
glycerin (l00 to 200 j.tg). Intravenous infusions of nitro-
glycerin, in a dose sufficientto decrease mean arterialpressure
to a level of between 75 and 95 mm Hg, and dextran (40
mllhour) were begun.
Control period. In both groups, approximately 10 min-
utes after coronary angiography, control period recordings
of aortic and left ventricular filling pressures and coronary
sinus and great cardiac vein flows were recorded. No patient
had symptoms or signs to suggest transient myocardial isch-
emia during this time or for at least 30 minutes before
these recordings. After control recordings, pressures were
recorded continuously.
Coronary artery occlusion period. In patients with coro-
nary spasm, aortic and left ventricular pressures and coro-
nary sinus and great cardiac vein flows were measured and
recorded during either spontaneous or ergonovine-induced
angina. When ergonovine was administered, it was given
intravenously in boluses of 0.05 mg or less to a maximal
total dose of 0.20 mg as reported previously in detail (5).
Coronary angiography was performed after obtaining flow,
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pressure and electrocardiographic data and confirmed oc-
clusion of one coronary artery. Either sublingual or intra-
coronary nitroglycerin was then administered. Angina was
relieved within 4 minutes of onset in each patient.
In patients undergoing coronary angioplasty, balloon in-
flation was used as the coronary artery occlusion period.
These measurements were always at least 30 minutes after
administration of buccal nifedipine and intracoronary nitro-
glycerin. This time period was chosen toward the end of
the procedure so that the duration of coronary obstruction
before the balloon was inflated (stenosis plus balloon di-
lation catheter) would be as short as possible. Additionally,
this period was delayed at least 10 minutes after other bal-
loon inflations and coronary contrast injections to minimize
their effects on flow, pressure and electrocardiographic data.
Balloon inflation was maintained for 20 to 70 seconds while
recordings begun before inflation (control period values)
were continued. Total coronary artery occlusion was con-
firmed by contrast injection into the guiding catheter during
a prior balloon inflation.
Calculations. Blood flow from the coronary sinus and
great cardiac vein were calculated as described elsewhere
(1,2,4-7). Coronary sinus flow was used as an index of
total coronary flow, great cardiac vein flow as an index of
anterior left ventricular regional flow, and the difference
between coronary sinus and great cardiac vein flows as an
index of inferior left ventricular regional flow (4,6,7). Cal-
culations were made at least twice over consecutive 10 sec-
ond intervals, averaged and reported as flows for respective
periods.
During both the control and the coronary artery occlusion
periods, phasic and mean aortic pressure and left ventricular
end-diastolic or filling pressure were determined by aver-
aging measurements from at least 10 consecutive beats.
Indexes of total, anterior and inferior regional coronary re-
sistance were derived from the ratio of simultaneously re-
corded mean aortic pressure and the respective flow. Heart
rate was calculated from the electrocardiogram.
Statistical analysis. The mean ± standard deviation was
determined during the control and coronary artery occlusion
periods. A paired t test was used to compare data from these
periods for each patient. An unpaired t test was used to
compare data between the patients with coronary spasm and
those who underwent coronary angioplasty and also to com-
pare patients with occlusion of the anterior descending and
those with occlusion of circumflex or right coronary arteries.
Additionally, data were analyzed simply as to whether re-
gional flow increased, decreased or remained stable during
coronary artery occlusion as compared with the control pe-
riod. For this analysis, changes of 5 ml/rnin or less were
not considered significant because duplicate measurements
obtained by the regional coronary venous thermodilution
technique may vary by this value. The Fisher exact prob-
ability test was used to compare the presence or absence of
angina or electrocardiographic changes during the two meth-
ods used to produce coronary occlusion. A p value of 0.05
or less was considered statistically significant.
Results
Before coronary occlusion, no patient had angiographic
evidence for collaterals to the affected artery. Complete
coronary occlusion was confirmed in the affected artery by
angiography in all 21 patients. Repeat angiography of both
the right and left coronary arteries during coronary occlusion
was performed in all patients with coronary spasm and in
Patient 12 during coronary angioplasty. Only Patient 12 had
angiographic evidence for collateral perfusion to the affected
artery during coronary occlusion. Measurements were made
before and during spontaneous or ergonovine-induced an-
gina in 13 patients, 11 of whom had electrocardiographic
evidence for transient myocardial ischemia (ST segment
elevation or depression) during angina. One patient had only
peaking of T waves, and another had no electrocardio-
graphic change during angina. Measurements were made
during balloon occlusion of a coronary artery in eight other
patients, only one of whom noted angina and two developed
transient electrocardiographic changes suggestive of myo-
cardial ischemia (both p < 0.05 compared with patients
with coronary spasm). Table 1 summarizes the data re-
garding clinical and angiographic findings.
Systemic and left ventricular hemodynamic findings
(Tables 2 and 3). Heart rate was usually unchanged during
occlusion of the anterior descending, right or circumflex
coronary arteries. Similarly, there was no consistent change
in mean aortic pressure during transient coronary artery
occlusion, regardless of whether coronary occlusion oc-
curred during balloon inflation or during either spontaneous
or ergonovine-induced angina. Mean aortic pressure was
usually higher in patients with coronary spasm (105 ± 14
mm Hg) than in patients undergoing coronary angioplasty
(80 ± 8 mm Hg, p < 0.05). Left ventricular filling pressure
rose during coronary occlusion in patients with coronary
spasm (19 ± 4 to 28 ± 10 mm Hg, p < 0.05); however,
no important change occurred during brief balloon inflation
(8 ± 6 to 9 ± 6 mm Hg, p = not significant INS]). Left
ventricular filling pressure was usually higher in patients
with coronary spasm than in patients undergoing coronary
angioplasty (p < 0.05).
Coronary hemodynamic responses during anterior
descending (Table 2, Patients 1 to 12), right or circumflex
coronary artery occlusion (Table 3, Patients 13 to 21).
Coronary sinus flow decreased at least 5 mllmin in 18 of
the 21 patients during coronary occlusion (p < 0.05). Coro-
nary smus flow was unchanged (± 5 ml/rnin) in Patient 5
during transient occlusion of the anterior descending artery,
and in Patient 14 during transient occlusion of the right
coronary artery. In Patient 4, coronary sinus flow increased
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Table 1. Angiographic Findings in 21 Patients
Age
% Coronary Diameter Narrowing Left Ventricle
Case (yr) LAD LCx RCA EF (%) Wall Motion
I 52 0 0 0 60 Ant hypokinesia
2 53 90 0 0 60 Ant hypokmesia
3 52 80 0 0 60 Normal
4 60 90 0 100 58 Ant hypokinesia
5 48 0 0 30 52 Ant/Inf
hypokinesia
6 64 60 50 90 36 Inf hypokinesia
7 64 50 0 58 65 Ant hypokinesia
8 39 54 0 100 50 lnf hypokinesia
9 59 67 0 0 65 Normal
10 6[ 77 0 0 60 Normal
II 55 75 0 0 77 Normal
12 43 60 0 0 56 Ant hypokinesia
13 60 0 30 70 Normal
14 49 0 0 0 90 Normal
IS 44 0 0 0 60 Normal
[6 44 0 0 90 74 lnf akinesia
17 62 50 40 90 45 Inf hypokinesia
18 65 20 0 80 50 Ant/mf
hypokinesia
19 57 0 0 90 45 Inf akinesia
20 53 0 0 90 45 Ant hypokinesia
2[ 60 10 60 0 58 Normal
Ant = anterior; EF = ejection fraction; Inf = inferior; LAD = left anterior descending coronary artery: LCx left circumflex coronary artery,
RCA = right coronary artery
during transient occlusion of the anterior descending coro-
nary artery. In general, the magnitude of change of coronary
sinus flow was similar during transient occlusion of either
the anterior descending ( - 15%) or the right or circumflex
coronary artery (-19%). Total coronary resistance in-
creased in 20 of the 21 patients (p < 0.05). This value
increased even in two of the three patients whose coronary
sinus flow did not decrease during coronary artery occlusion.
During transient anterior descending coronary artery
occlusion, anterior regional flow decreased in all 12 patients
Table 2. Hemodynamic Changes Before and During Transient Occlusion of the Left Anterior Descending Artery in 12 Patients
Pressures (mm Hg)
Heart Rate Mean
Flows (mllmin) Resistances (mm Hg/ml per min)
Artery
(beats/min) Aortic LV FIlling CS GCV CS-GCV CRT CRant CRinf
Case Event Occluded N.O O. N.O. O. NO. O. NO. O. N.O. O. NO. 0 N.O O. N.O O. N.O. O.
I Spasm (Erg) LAD 70 66 105 [00 16 18 143 122 82 72 61 50 0.70 0.86 1.22 1.46 1.64 2 10
2 Spasm (Sponl) LAD 65 64 100 100 16 30 185 145 114 41 71 104 0.54 0.69 0.88 2044 1041 0.96
3 Spasm (Erg) LAD 60 72 110 85 IS 108 67 66 46 42 21 1.06 1.27 1.74 1.85 2.74 4.05
4 Spasm (Sponl) LAD 55 60 90 117 17 30 157 173 120 87 37 86 0.57 0.68 0.75 1.34 2043 1.36
5 Spasm (Erg) LAD 62 67 130 140 22 35 90 93 34 21 56 72 144 1.51 3.82 6.67 2.32 1.94
6 Spasm (Erg) LAD 56 66 110 [28 20 44 230 194 113 76 117 [18 0.48 066 097 1.68 0.94 I 08
7 Balloon occl LAD 71 71 75 70 108 70 41 20 67 50 069 100 1.83 3.50 I 12 lAO
8 Balloon occl LAD 136 136 79 76 2 2 153 119 72 44 81 75 0.52 064 1.10 1.73 0.98 1.01
9 Balloon oecl LAD 69 67 77 77 7 7 127 112 64 41 63 71 061 0.69 1.20 1.88 1.22 1.08
[0 Balloon oecl LAD 60 60 90 90 18 18 97 76 76 37 21 39 0.93 1.18 I. 18 2043 4.29 231
II Balloon occl LAD 65 65 75 75 5 5 94 84 35 26 59 58 0.80 0.89 2.14 2.88 1.27 1.29
12 Balloon oecl LAD 84 84 88 88 5 5 162 lSI 40 31 122 120 054 0.58 2.20 2.84 0.72 0.73
Mean 71 73 94 95 13 19 138 117 71 45 66 72 0.74 0.89 1.60 2.56 1.81 1.66
Standard deviation 22 21 17 22 7 15 42 42 31 22 30 31 028 0.30 085 145 1.06 094
CRT, CRant, CRinf = total, antenor and Inferior regional coronary resistances. respectively: CS = coronary SinUS; Erg = ergonovine-induced
angina; GCV = great cardiac vein, LAD = left anterior descending; LV = left ventricular. N.O = not occluded: 0 = occluded; occl = occlusion.
Spont = spontaneous angina.
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Table 3. Hemodynamic Changes Before and During Transient Right or Circumflex Artery Occlusion in Nine Patients
Pressures (rnm Hg)
Left
Flows (ml/mm) Resistances (rnm Hg/ml per min)
Heart Rate Mean Ventricular
(beats/min) Aortic Filling CS GCY CSY CRT CRant CRInf
Artery
Case Event Occluded N.O O. NO. O. NO 0 N.O 0 NO. O. NO. 0 NO O. N.O O. N.O. O.
13 Spasm (Erg) RCA 75 55 107 122 20 25 184 135 103 109 81 26 0.58 0.90 1.03 1.12 1.32 4.69
14 Spasm (Erg) RCA 62 48 120 130 26 36 167 167 73 70 94 97 072 078 164 I 86 1 28 I 34
15 Spasm (Sponl) RCA 65 80 120 90 15 30 118 98 69 65 49 33 102 0.92 1 74 1.38 2.45 2.73
16 Spasm (Erg) RCA 66 60 95 95 18 25 165 159 46 46 119 1\3 0.58 0.60 2.07 2.07 008 084
17 Spasm (Spont) RCA 48 47 80 80 18 25 137 81 53 52 84 29 056 095 140 I 48 0.92 2.66
18 Spasm (Erg) RCA 54 54 108 110 25 25 94 66 28 24 70 42 \ 15 I 67 386 458 1.54 2.62
19 Balloon occl RCA 59 59 68 68 133 108 39 43 94 65 0.51 063 1.74 1.58 0.72 1.05
20 Balloon occl RCA 71 71 86 83 10 15 121 94 50 47 71 47 071 088 172 I 77 I 21 1.77
21 Spasm (Erg) LCx 68 68 92 95 25 35 184 144 36 33 148 III 050 066 256 288 0.62 0.86
Mean 63 60 97 97 20 27 145 117 55 54 90 63 0.70 0.89 1.97 2 10 1.21 2.06
Standard deviation 8 II 18 20 6 7 32 36 23 25 30 33 023 032 0.82 1.06 0.56 1.25
LCx = left circumflex, other abbreviations as In Table 2
(p < 0.05), Concomitant with this decrease in anterior re-
gional flow, inferior regional flow increased in five patients,
was unchanged in three and decreased in four other patients.
For the group, there was no significant change in inferior
regional flow whereas anterior regional flow decreased an
average of 37% (Fig, I). Responses of Patient 9 are shown
in Figure 2. Anterior regional coronary resistance increased
in each patient during transient anterior descending artery
occlusion (p < 0.05). Inferior regional coronary resistance
was not significantly changed for the group, and changes
in each patient were not predictable,
During transient right or circumflex coronary artery oc-
clusion, anterior regional flow increased in one patient and
was unchanged in the other eight. Inferior regional flow
decreased in eight patients and was unchanged in one (p <
0.05). This decrease in inferior regional flow during tran-
sient occlusion of either the right or circumflex coronary
artery averaged 30% (Fig. 3). Responses of Patient 20 are
shown in Figure 4. Inferior regional coronary resistance
increased in each patient during transient right or circumflex
coronary artery occlusion (p < 0.05), increasing even in
the patient whose inferior regional flow did not decrease.
Anterior regional coronary resistance did not change sig-
nificantly during transient right or circumflex artery occlu-
sion, and changes in each patient were not predictable,
Coronary hemodynamic responses during balloon in-
flation versus coronary artery spasm. During transient
coronary artery occlusion, total and regional coronary hemo-
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Figure 1. Individual regional coronary flow re-
sponses before and during transient antenor de-
scending (AD) coronary artery occlusion in 12 pa-
tients. Anterior region flows (in mm) are illustrated c:
by open circles and inferior regional flows by solid .~
squares. Flow responses that did not change he on -5
the line of identity (heavy line at 45° angle to X (:)
and Y axes). Parallel to the line of identity are two .~
additional lines, which show changes lying within ~
5 ml/min of It. We do not believe the accuracy of C
the technique allows assessments of changes this ~
small (that is, ± 5 ml/rnin). During transient an- u:
'iiiterior descending coronary artery occlusion, ante- c
o
rior regional flow decreased. whereas no consistent 'en
directional change was found in inferior regional £
flow responses.
Regional Flow Before Occlusion
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Figure 2. Patient 9. Continuous recordings during percutaneous
transluminal coronary angioplasty of an anterior descending coro-
naryartery stenosis. The electrocardiogram (lead Y5), aortic (Ao),
distal coronary (COR) and pulmonary capillary wedge (PCW)
pressures,coronary sinusflow (CSF), great cardiac vein flow (GCYF)
and the indicator (IND) signals were recorded before and during
balloon inflation and after balloon deflation. The pressure scale
was 0 to 100 mm Hg, the flow scale 25 to 150 mllmin and the
time lines are at I second. During occlusion of the left anterior
descending coronary artery (arrows). great cardiac vein now de-
creased 23 ml/min. Because coronary sinus flow decreased only
15 ml/rnin, it appears that inferior regional flow increased 8 mil
min. During coronary occlusion. aortic and pulmonary capillary
wedge pressures, heart rate and the electrocardiogram did not
change and diastolic distal coronary pressure decreased to a level
similar to that of the mean wedge pressure. After deflation of the
balloon, this was followed by a brief reactive hyperemic response
shown by a transient increase and then a return to control values
of great cardiac vein fl ow. These coronary hemodynamic changes
duringandafter coronaryocclusionare not as prominently reflected
in coronary sinus flow responses.
dynamics changed similarly during occlusion whether caused
by balloon inflation or by coronary spasm. Coronary sinus
flow decreased a similar percent regardless of the method
used to occlude a coronary artery (124 ± 25 to 102 ± 26
mllmin or a decrease of 18% [p < 0.05] during balloon
inflation; 151 ± 41 to 127 ± 42 ml/min or a decrease of
16% [p < 0.04] during coronary spasm). Total coronary
resistance also increased a similar magnitude (0.66 ± 0.15
to 0.81 ± 0.21 mm Hg/mlper minduring balloon inflation ,
p < 0.05, and 0.76 ± 0.30 to 0.94 ± 0.34 mm Hg/ml per
minduringcoronary spasm, p < 0.05). Coronary sinus flow
was usually greater in patients with coronary spasm than in
those undergoing coronary angioplasty (p < 0.05).
In the region perfused by the transiently occluded coro-
naryartery, coronary flow decreased in 20 of the 21 patients
(62 ± 8 to 39 ± 14 mllmin, or a decrease of 37% [p <
0.05] during balloon inflation; 90 ± 32 to 61 ± 33 mil
min, or a decrease of 32% [p < 0.05] during coronary
spasm). Coronary flow in the other region was usually un-
changed; it increased in 6, was unchanged in II and de-
creased in 4 patients (58 ± 36 to 63 ± 26 ml/min during
balloon inflation and 61 ± 26 to 65 ± 32 mllmin during
coronary spasm). Coronary resistance increased in all 21
regions perfused by the transiently occludedcoronary artery
(1.45 ± 0.54 to 2.26 ± 0.79 mm Hg/ml per min during
balloon inflation, p < 0.05; and 1.41 ± 0.88 to 2.39 ±
1.64 mm Hg/ml per min during coronaryspasm, p < 0.05).
Coronary resistance was usually unchanged in the other
region during transient coronary artery occlusion, butchanges
in regional responses in each patient were not predictable
(1.63 ± 1.13 to 1.40 ± 0.49 mm Hg/ml per min during
balloon inflation and 1.98 ± 0.80 to 2.07 ± I. 13 mm Hgi
ml per min during coronary spasm).
Time course of coronary hemodynamic changes dur-
ing balloon inflation. Coronary occlusion secondary to
balloon infl ation was maintained for 20 to 25 seconds in
Patients 7 to 12, 35 seconds in Patient 20 and 70 seconds
in Patient 19. In all eight patients, coronary venous flows
declined over the first 5 to 10 seconds and remained rela-
tively constant thereafter ( ± 5%). As expected, during an-
terior descending occlusion, great cardiac vein flow de-
creased 2 to 4 seconds beforeany decrease in coronary sinus
flow .
Discussion
During transient coronaryarteryocclusion in humansub-
jects, regional coronary flow usuallydecreasedand regional
coronary resistance consistently increased. The magnitude
of flow change was similar during transient coronary oc-
clusion whether induced by coronary spasm or by balloon
inflation during coronary angioplasty. Additionally , coro-
nary flow decreased a similar amount in the left ventricular
region perfused by the transiently occluded artery, regard-
less of whetherocclusion was of the left anteriordescending,
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TRANSIENT RCA or Cx OCCLUSION
EFFECTS ON REGIONAL CORONARY FLOW
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and during transient occlusion of the left circumflex ~(Cx) or right coronary artery (RCA) in nine patients . -
During transient occlusion , flow in the inferior region ~
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left circumflex or right coronary artery. During coronary
occlusion induced by coronary spasm, angina and electro-
cardiographic changes , as well as an increase in left ven-
tricular filling pressure were more frequent than during bal-
loon inflation.
Ischemia during spasm versus angioplasty. These
findings suggesting ischemia during coronary spasm but
usually not during coronary angioplasty may be related to
several factors. First , duration of coronary occlusion was
longer during coronary spasm. Second, although heart rate
was similar during coronary spasm and coronary angio-
plasty , mean aortic pressure was consi stently higher before
and during coronary spasm. Thus , left ventricular oxygen
requirements should have been greater in the patients who
had coronary spasm, and an increased oxygen demand was
reflected by higher coronary flow. Finally , in patients
undergoing coronary angioplasty, nifedipine and nitrogly-
cerin administered during the procedure were respons ible
for a lower aortic pressure , thereby reducing oxygen de-
mand . These drugs may have directly contributed to the
lesser frequency of myocardial ischemia.
Time course of coronary flow changes. The regional
coronary venous thermodilution technique used to contin -
uously measure coronary flow allowed evaluation of the time
course of flow changes during balloon inflation in patient s
undergoing coronary angioplasty . Balloon occlusion of the
anterior descending artery caused a prompt decline in great
cardiac vein flow followed in several seconds by a decline
in coronary sinus flow (Fig. 2) . The changes in coronary
venous flows were apparent within a few beats of arterial
occlusion . During balloon occlusion of the right or circum-
flex coronary artery, coronary sinus flow declined promptly
and great cardiac vein flow was unchanged. By 10 seconds
after coronary occlu sion , changes in coronary venous flows
had reached their lowest values and thereafter remained
constant. In these patients , the duration of balloon inflation
was short, and significant change s in heart rate and aortic
and left ventricular filling pressure did not occur. If heart
rate and pressures should change with coronary occlusion
of longer duration , further alterations in coronary flow or
calculated resistance may be observed .
Lack of reflex changes. No systemic or coronary reflex
changes were seen during transient coronary occlusion. There
was no apparent reflex change in heart rate or aortic pressure
during transient occlusion of the anterior descending, cir-
cumflex or right coronary artery regardless of the method
used to induce coronary occlusion. This lack of reflex change
may be related to the relatively brief nature of coronary
occlu sion . Additionally, no consistent directional change in
flow was observed in the other left ventricular region during
transient coronary occlusion. During transient anterior de-
scending coronary artery occlusion, inferior regional flow
increased , decreased or remained stable with a similar fre-
quency . During transient right or circumfle x coronary artery
occlusion, anterior regional flow was usually not changed .
The se observations differ from report s in awake or anes-
thetized animal models , in which an increase in flow usually
occurs in left ventricular regions perfused by an unoccluded
artery during coronary artery occlusion (8-10). This inter-
coronary reflex may have been absent because of differences
between coronary responses in human beings and animals.
This lack of an increase in flow in the other left ventricular
region during transient occlu sion in patients was also re-
ported by Rothman et al. (16).
Magnitude of coronary flow changes. The magnitude
of flow change during transient coronary artery occlusion
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Figure 4. Patient 20. Recordings during per-
cutaneous transluminal coronary angioplasty
of a right coronary artery stenosis. The dilation
catheter was positioned across the stenosis. and
the balloon was deflated when data shown on
the left were obtained. The balloon was then
inflated while these recordings were continued.
and data shown on the right were obtained.
Aortic (Ao), distal coronary (COR) and pul-
monary artery (PA) pressures, electrocardio-
graphic lead II. coronary sinus flow (CSF).
great cardiac vein flow (GCVF) and indicator
(IND) signals were recorded. The pressure scale
was 0 to 100 mm Hg, the fl ow scale was 40
to 125 ml/min and the time lines are at I second
intervals. During right coronary occlusion.
coronary sinus now decreased 27 mllmin while
great cardiac vein flow was essentially un-
changed ( - 3 rnl/min). Thus, flow in the in-
ferior region decreased 24 mllmin. During
coronary occlusion. aortic and pulmonary ar-
tery pressures and heart rate were not signifi-
cantly changed. but the electrocardiogram
demonstrated pseudonormalization of the in-
verted T waves. Distal coronary pressure de-
creased to a level similar to that of pulmonary
artery pressure.
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measured with this technique was also of interest. The amount
of regional and total flow decrease averaged about 34 and
17%, respectively . This relativel y small change in flow dur-
ing coronary occlusion agrees with values reported by others
(11- 15) (Table 4) and cou ld be seco ndary to several facto rs.
First , the coronary artery was usually not occluded at its
origi n. Veno us flow fro m branches proximal to the site of
occlusion wo uld sti ll be measured . Second , during transient
occl usio n of ei ther the right or circum flex coronary artery,
flow from the other artery and any portion of the anterior
descending coronary artery perfusing the inferior region would
still be sampled . Th ird , co llateral blood flow to the left
ventric ular reg ion perfused by the transientl y occ luded coro-
nary artery may have been presen t. However, in these 2 1
patients , collaterals were not ang iographically visualized be-
fore occlusion and in only one of the patient s were co llate rals
visible during occlusion . Fourth , during transient coronary
artery occlusion there may have been a change in the usual
venous drainage of the nonoccluded coronary arteries; thi s
seems unli kely , however . Finally , although we found no
intercoronary reflex , reflected as an increase in flow in the
region perfused by nonoccluded arteries , perhaps arteria l
flow in branches proximal to the site of occlus ion might
have increased . Because th is techn ique can measure changes
only within large left ventri cular regions , an increase in flow
through proximal branches and no flow through distal branches
Table 4. Reported Coronary Flow Responses Dunng Transient Coronary Occlusion
Average Flow (ml/min)
o/c Flow
CS GCV Decrease
No. of
Reference N.O. O. NO 0 CS GCV Artery Occluded Patients
Present study 138 117 7 1 45 15 37 LAD 12
145 117 55 54 19 2 LCx or RCA 9
(II) 139 108 76 5 1 22 33 LAD 15
(12) 164 uo 33 LAD 6
(13) 175 132 25 LAD and/or LCx 7
(14)* 110 66 40 LAD I
(15) 155 95t 39 LAD and LCx 1
132 109 17 LAD I
*May have been GCV values. t Value reported as < 95 ml/min.
CS = coronary sinus; GCV = great cardiac vein; LAD = left anterior descending; LCx = left circumflex; N.O = not occluded . 0 = occluded;
RCA = nght coronary artery .
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may be reflected only as slight overall regional decrease.
Although it remains obscure why only a relatively small
flow decrease was measured during coronary occlusion, the
magnitude of this change should be considered when eval-
uating coronary flow responses during other interventions
that seem to decrease coronary flow.
Evaluation of coronary collateral flow. The regional
coronary venous thermodilution technique may have further
application in patients undergoing percutaneous translu-
minal coronary angioplasty to evaluate coronary collateral
function (16). In human beings, quantitative assessment of
collateral or residual flow to left ventricular regions supplied
by severely diseased or totally occluded coronary arteries
continues to be a problem. Other techniques (17-24) have
been applied in attempts to study collateral perfusion; how-
ever, they are not readily accomplished. The ability to mea-
sure flows during transient coronary occlusion in human
beings is important because the amount of residual or col-
lateral flow could be used to evaluate coronary hemody-
namics before and after the administration of drugs or after
certain interventions. Distal coronary pressure and the aortic
to distal coronary pressure gradient could also be measured
during coronary angioplasty. The combination of flow and
pressure measurements could be a powerful new tool to
evaluate collateral function in conscious human subjects.
One limitation, not previously discussed (4-7), of using the
regional coronary venous thermodilution technique to mea-
sure residual flow during transient coronary occlusion is that
the estimates of residual flow were not confirmed by an
independent technique. Independent techniques (1,2,9) have
corroborated coronary venous thermodilution measurement
in animals and human beings of total and anterior regional
ventricular flow. However, this is different from using coro-
nary venous thermodilution measurements to estimate col-
lateral perfusion, and it would be ideal to confirm these
measurements simultaneously with those made by another
method.
Advantages and limitations of the method. These
coronary hemodynamic observations further support the
concept of measuring both coronary sinus and great cardiac
vein flows in patients in whom regional functional or ana-
tomic differences exist. In particular, If only coronary sinus
flow measurements were made and used as an index of total
left ventricular flow, either no change or an Increase in flow
would have been observed in 3 of these 21 patients during
transient coronary artery occlusion. Measurement of re-
gional flow showed a decrease in the appropriate region
draining the transiently occluded coronary artery m 20 of
the 21 patients. Additionally, the magnitude of flow de-
crease was approximately twice as great using regional mea-
surements compared with total measurements of left ven-
tricular flow alone. Although the regional sampling technique
is an improvement over coronary sinus sampling alone, it
is not ideal. In human bemgs, it would be preferable to
measure flow within smaller left ventricular regions and to
assess transmural flow distribution. These goals are not ob-
tainable with either of the two presently available methods
(regional venous thermodilution or inert gas isotope tech-
niques). Perhaps in the future, positron tomographic scan-
ning techniques will achieve these goals (25).
Implications. Several of these observations on con-
trolled coronary occlusion are clinically relevant to "nat-
ural" events occurring in patients with ischemic heart dis-
ease. Transient coronary occlusion in human beings produces
relatively small coronary flow decreases, which are suffi-
cient to produce myocardial ischemia. However, if the du-
ration of coronary occlusion is very brief (for example, less
than I minute), clinical and electrocardiographic evidence
for myocardial ischemia are uncommon. Continuous
electrocardiographic recordings have shown frequent
asymptomatic ischemic type of ST and T wave changes in
patients with both exercise-induced and rest angina (26-
28). Our observations suggest that it is possible for transient
coronary occlusion to occur and not be accompanied by
symptoms or detectable by ST or T wave changes,
We thank R H. Sollaway and Alice W Cullu for technical and eduonal
assistance
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